NATIONAL SCIENCE STANDARDS

U. Unifying Concepts and Processes - Unifying concepts and processes help students think about and integrate a range of baag\ichich builds

an understanding of the natural world.

E.U.1 Systems, order, and organization M.U.1
a. Systems—A system is an organized
group of related objects qr
components that form a whole.
Systems can consist, for example,
of organisms, machines,
fundamental particles, galaxiefs,
ideas, numbers, transportation, and
education. The goal is to help
students think and analyze in terms
of systems.
b. Order—Order is the behavior of unjts
of matter, objects, organisms,
events in the universe. The goal|is
to help students develop knowledpe
about factors influencing objectg,
organisms, systems, or events.
c. Organization—Organization is|a
hierarchic and systematic way pf
thinking about the world. The goal
is to help students describe physical
and living systems at different levels
of organization.
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E.U.2

Evidence, models, and explanation

a. Evidence—Evidence consists
observations and data on which

M.U.2
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observations and data on which {o

base scientific explanations. The
goal is to help students use evidence
to understand interactions and
predict changes.
Models—Models are tentative
schemes or structures thpat
correspond to real objects, eve
or classes of events, and that have
explanatory power. The goal is 1o
help students learn how to make gnd
use many models, includin
physical objects, plans, mental
constructs, mathematical equations,
and computer simulations.
Explanations—Explanations provigle
interpretation, meaning, or sense|to
objects, organisms, or events.
Explanations incorporate existing
scientific knowledge and ne
evidence from observation
experiments, or models int
internally consistent, logicall
statements, such as hypothesgs,
laws, principles, and theories. The
goal is to help students create
explanations which incorporate |a
scientific knowledge base, logi¢
and higher levels of analysis.
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use many models, including
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c. Explanations—Explanations provid
interpretation, meaning, or sense

objects, organisms, or events.

Explanations incorporate existing
scientific knowledge and new
evidence from observations
experiments, or models intg
internally consistent, logical
statements, such as hypotheseé
laws, principles, and theories. Th
goal is to help students creat
explanations which incorporate
scientific knowledge base, logic
and higher levels of analysis.
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E.U3

Change, constancy, and measurem
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E.U4

Evolution and equilibrium M.U.4
a. Evolution—Evolution is a series of
changes, some gradual and some
sporadic, that account for the presgnt
form and function of objects,
organisms, and natural and designed
systems. The goal is for students|to
recognize that objects & systems
change over time.
b. Equilibrium—Equilibrium is the
physical state in which forces and
changes occur in opposite and off-
setting directions. The goal is for
students to recognize systems that
are in equilibrium.

Evolution and equilibrium
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Evolution and equilibrium

a. Evolution—Evolution is a series of

changes, some gradual and some
sporadic, that account for the present
form and function of objects,
organisms, and natural and designed
systems. The goal is for students {o
recognize that objects & systems
change over time.

Equilibrium—Equilibrium is the
physical state in which forces an
changes occur in opposite and off
setting directions. The goal is fo
students to recognize systems that
are in equilibrium.
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E.U5 Form and function M.U.5 Form and function H.U.5 Form and function

a. Form—Form is the shape of an
object. The goal is for students td
use form to explain function.

a. Form-Form is the shape of an
object. The goal is for students to
use form to explain function.

a. Form-Form is the shape of an
object. The goal is for students [to

use form to explain function.
b. Function—Function is the normal pr b. Function—Function is the normal or b. Function—Function is the normal o
characteristic action of anything. characteristic action of anything. characteristic action of anything.
The goal is for students to usd

The goal is for students to use

The goal is for students to use
function to explain form.

function to explain form.

function to explain form.
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A. Science as Inquiry - Science as inquiry requires students to combine processes and scientific knowledge with scientific ni@gand critical

thinking to develop their understanding of science.

EA1L

Abilities necessary to do scientif
inquiry

a.

Ask a question about object
organisms, and events in th
environment.
Plan and conduct a simp
investigation.
Employ simple equipment and tod
to gather data and extend the sen
Use data to construct a reasong
explanation.
Communicate investigations a
explanations.

cM.A.l1
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Abilities necessary to do scientif
inquiry

a.

. Develop

. Think critically and logically tg

Identify questions that can K
answered through scientifi
investigations.

Design and conduct a scientif
investigation.

Use appropriate

tools an

cH.A.1

c

d

techniques to gather, analyze, gnd

interpret data.

descriptions
explanations, predictions, an
models using evidence.

make the relationships betwes
evidence and explanations.
Recognize and analyze alternati
explanations and predictions.
Communicate
procedures and explanations.
Use mathematics in all aspects
scientific inquiry.

scientifi¢

d

of

Abilities necessary to do scientifig
inquiry

a.

b.

Identify questions and concefiisit
guide scientifidnvestigations.

Design and conduct scientifi¢

investigations.

Use technology and mathematics
improve investigations and
communications.

Formulate and revise scientifi
explanations and models using log
and evidence.

Recognize and analyze alternati
explanations and models.
Communicate and defend
scientific argument.

o
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E.A2

Understandings about scientific inqu

a.

. Scientists develop explanatio

Scientific investigations involve

rw.A.2

asking and answering a question and

comparing the answer with what
scientists already know about the

world.

Scientists use different kinds of
investigations depending on the

questions they are trying to answer.

Types of investigations include
describing objects, events, and

organisms, classifying them; ar
doing a fair test (experimenting).
Simple instruments, such 3
maghnifiers, thermometers, af
rulers, provide more informatio
than scientists obtain using on
their senses.

using observations (evidence) a

what they already know about the

world (scientific knowledge). Goo
explanations are based on evider
from investigations.

Scientists make the results of th
investigations public; they descril
investigations in ways to that enalj
others to repeat the investigation
Scientists review and ask questig
about the results of other scientis
work.
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Understandings about scientific inqui

a. Different kinds of questions sugge

. Current scientific knowledge an

different kinds of scientific

investigations. Some investigations

involve observing and describing

objects, organisms, or events; some
involve collecting specimens; some

involve experiments; some involve
seeking more information; some
involve discovery of new object

[

and phenomena; and some involve

making models.

o

understanding guide scientific
investigations. Different scientifi¢

domains employ different methodp,
core theories, and standards |to
advance scientific knowledge and

understanding.
Mathematics is important in all
aspects of scientific inquiry.

. Technology used to gather data
enhances accuracy and alloys
scientists to analyze and quantify

results of investigations.

Scientific explanations emphasikze
evidence, have logically consistent
arguments, and use scientifjc
principles, models, and theories. The

scientific community accepts and

uses such explanations until
displaced by better scientific ones.
When such displacement occuls,

science advances.

Science advances through legitimate
skepticism. Asking questions and

H.A.2 Understandings about scientific inquiry

st a. Scientists usually inquire about hov]

physical, living, or designed systems

. Scientists conduct investigations fo

function. Conceptual principles ang
knowledge guide scientific
inquiries. Historical and current
scientific knowledge influence the
design and interpretation of
investigations and the evaluation o
proposed explanations made b
other scientists.

a wide variety of reasons. Fof

example, they may wish to discover

new aspects of the natural world
explain recently observed
phenomena, or test
the conclusions of prior
investigations or the predictions of
current theories.
Scientists rely on technology tg
enhance the gathering ang
manipulation of data. New
techniques and tools provide new
evidence to guide inquiry and new
methods to gather data, thereb
contributing to the advance of
science. The accuracy and precisio
of the data, and therefore the qualit
of the exploration, depends on the
technology used.

Mathematics is essential in scientifi¢

inquiry. Mathematical tools and
models guide and improve thg
posing of questions, gathering dat3
constructing explanations and
communicating results

b
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querying other scientistg'
explanations is part of scientific
inquiry. Scientists evaluate the
explanations proposed by other
scientists by examining evidencg,
comparing evidence, identifying
faulty reasoning, pointing out
statements that go beyond the

evidence, and suggesting alternatjve

explanations for the samle
observations.
. Scientific investigations sometimés

result in new ideas and phenomgna

for study, generate new methods|or
procedures for an investigation, pr
develop new technologies fo
improve the collection of data. Al
of these results can lead to new
investigations.

e. Scientific explanations must adhe

to criteria such as: a propose
explanation must be logically
consistent; it must abide by the rule
of evidence; it must be open t
guestions and possible modificatior
and it must be based on historic
and current scientific knowledge.
Results of scientific inquiry—new
knowledge and methods—emerg
from different types of
investigations and  public
communication among scientists. |
communicating and defending th
results of scientific inquiry,
arguments must be logical
and demonstrate connection
between natural phenomend
investigations, and the historica
body of scientific knowledge. In
addition, the methods ang
procedures that scientists used
obtain evidence must be clearl
reported to enhance opportunitig
for further investigation.
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B. Physical Science - Physical science focuses on science facts, concepts, principles, theories, and models that are importalhtstudents to

know, understand, and use.

H.B.1

Structure of atoms

a. Matter is made of minute particle
called atoms, and atoms ar
composed of even smalle
components. These componen
have measurable properties, such as
mass and electrical charge. Eac
atom has a positively charge
nucleus surrounded by negativel
charged electrons. The electric forc
between the nucleus and electrons
holds the atom together.

b. The atom's nucleus is composed of
protons and neutrons, which ar
much more massive than electrons.
When an element has atoms that
differ in the number of neutrons,
these atoms are called differen
isotopes of the element.

c. The nuclear forces that hold the
nucleus of an atom together, af
nuclear distances, are usually
stronger than the electric forces thdt
would make it fly apart. Nuclear
reactions convert a fraction of the
mass of interacting particles intg
energy, and they can release mugh
greater amounts of energy than
atomic interactions. Fission is the
splitting of a large nucleus into
smaller pieces. Fusion is the joining
of two nuclei at extremely high
temperature and pressure, and is the
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. Radioactive isotopes are unstable

process responsible for the energy
of the sun and other stars.

and undergo spontaneous nuclear
reactions, emitting particles and/qr
wavelike radiation. The decay of any
one nucleus cannot be predicted, but
a large group of identical nucle
decay at a predictable rate. This
predictability can be used tdg
estimate the age of materials that
contain radioactive isotopes.

10
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EB.1

Properties of objects and materials | M.

a. Objects have many observable

properties, including size, weight
shape, color, temperature, and the
ability to react with othe
substances. Those properties can be
measured using tools, such as rulers,
balances, and thermometers.

. Objects are made of one or mare

materials, such as paper, wood, and
metal. Objects can be described |by
the properties of the materials from
which they are made, and thoge
properties can be used to sepaiate
or sort a group of objects qgr
materials.
Materials can exist in different
states—solid, liquid, and gas. Soine
common materials, such as watgr,
can be changed from one state| to
another by heating or cooling.

B.1  Properties and changes of properties th.B.2
matter

a.

=

A substance has characteristic
properties, such as density, a boiling
point, and solubility, all of which ar
independent of the amount of the
sample. A mixture of substances
often can be separated into the
original substances using one
more of the characteristic propertigs.
Substances react chemically |in
characteristic ways with other

substances to form new substanges
(compounds) with differen
characteristic properties. |
chemical reactions, the total masgis
conserved. Substances often
placed in categories or groups if they
react in similar ways; metals is an
example of such a group.
Chemical elements do not break
down during normal laborator
reactions involving such treatme
as heating, exposure to electiic
current, or reaction with acids. There
are more than 100 known elements
that combine in a multitude of ways
to produce compounds, which
account for the living and nonliving
substances that we encounter.

Structure and properties of matter

a. Atoms interact with one another by

. An elementis composed of a singl

. The physical

transferring or sharing electrons that
are furthest from the nucleus. Thesg
outer electrons govern the chemica
properties of the element.

O—D

type of atom. When elements arg
listed in order according to the
number of protons (called the atomi¢
number), repeating patterns o
physical and chemical propertied
identify families of elements with
similar properties. This "Periodic
Table" is a consequence of the
repeating pattern of outermos
electrons and their permitted
energies.

Bonds between atoms are created
when electrons are paired up by
being transferred or shared. A
substance composed of a single kin
of atom is called an element. The
atoms may be bonded together int
molecules or crystalline solids. A
compound is formed when two of
more kinds of atoms bind togethe
chemically.

o

O

properties of
compounds reflect the nature of the
interactions among its molecules
These interactions are determinef
by the structure of the molecule
including the constituent atoms andl
the distances and angles betwegn
them.

v
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e. Solids, liquids, and gases differ in
the distances and angles betwegn
molecules or atoms and therefore the
energy that binds them together. |
solids the structure is nearly rigid|;
in liquids molecules or atoms move
around each other but do not moye
apart; and in gases molecules or
atoms move almost independently
of each other and are mostly fgr
apart.

f. Carbon atoms can bond to one
another in chains, rings, and
branching networks to form 3
variety of structures, including
synthetic polymers, oils, and thg
large molecules essential to life.

]
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H.B.3

Chemical reactions

a.

Chemical reactions occur all aroun
us, for example in health care
cooking, cosmetics, and
automobiles. Complex chemical
reactions involving carbon-baseqg
molecules take place constantly ir
every cell in our bodies.

Chemical reactions may release d
consume energy. Some reaction
such as the burning of fossil fuels
release large amounts of energy b
losing heat and by emitting light.
Light can initiate many chemical
reactions such as photosynthesis ar
the evolution of urban smog.

A large number of important
reactions involve the transfer of
either electrons (oxidation/reduction
reactions) or hydrogen ions (acid
base reactions) between reactin

ions, molecules, or atoms. In othef

reactions, chemical bonds are
broken by heat or light to form very
reactive radicals with electrons
ready to form new bonds. Radical
reactions control many processe
such as the presence of ozone an
greenhouse gases in the atmosphe
burning and processing of fossil
fuels, the formation of polymers,
and explosions.

Chemical reactions can take plac
in time periods ranging from the few
femtoseconds (1I® seconds)
required for an atom to move 4

)

=

d

[72)
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fraction of a chemical bond distanc
to geologic time scales of billiong

of years. Reaction rates depend o¢n

how often the reacting atoms an
molecules encounter one another,
the temperature, and on th
properties—including shape—of th
reacting species.

Catalysts, such as metal surfaces,

accelerate chemical reaction
Chemical reactions in living system
are catalyzed by protein molecule
called enzymes.

D .
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E.B.2

a. The position of an object can

c. The position and motion of objed

d. Sound is produced by vibratin

Position and motion of objects

described by locating it relative

another object or the background.
b. An object's motion can be descrily

by tracing and measuring its positi
over time.

can be changed by pushing
pulling. The size of the change
related to the strength of the push
pull.

objects. The pitch of the sound ¢
be varied by changing the rate
vibration.

M.B.2

poe
(0)

g
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of

Motion and forces

a.

The motion of an object can |
described by its position, directig
of motion, and speed. That motig
can be measured and represente(
a graph.

An object that is not being subject
to a force will continue to move at
constant speed and in a straight li
If more than one force acts on
object along a straight line, then tl
forces will reinforce or cancel on
another, depending on the
direction and
Unbalanced forces will caus
changes in the speed or direction
an object's motion.

magnitude.

H.B.4
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Motions and forces

a.

Objects change their motion onl
when a net force is applied. Law
of motion are used to calculat
precisely the effects of forces on th
motion of objects. The magnitude o
the change in motion can b
calculated using the relationship

= ma, which is independent of th
nature of the force. Whenever on
object exerts force on another,

force equal in magnitude and
opposite in direction is exerted or
the first object.

Gravitation is a universal force tha
each mass exerts on any other mas
The strength of the gravitational
attractive force between two masse
is proportional to the masses an
inversely proportional to the squard
of the distance between them.

The electric force is a universal force

that exists between any two charge
objects. Opposite charges attrag
while like charges repel. The
strength of the force is proportiona
to the charges, and, as with
gravitation, inversely proportional to
the square of the distance betweg
them.

Between any two charged patrticleg
electric force is vastly greater tharn
the gravitational force. Most
observable forces such as thos
exerted by a coiled spring or friction
may be traced to electric forceg

— O
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acting between atoms andgd
molecules.
Electricity and magnetism are twp
aspects of a single electromagnetic
force. Moving electric charges
produce magnetic forces, anf
moving magnets produce electric
forces. These effects help students
to understand electric motors and
generators.

16
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H.B.5

Conservation of energy and increase
disorder

a.

The total energy of the universe is
constant. Energy can be transferre
by collisions in chemical and
nuclear reactions, by light waves an
other radiations, and in many othef
ways. However, it can never bg
destroyed. As these transfers occur
the matter involved becomes
steadily less ordered.

All energy can be considered to b
either kinetic energy, which is the
energy of motion; potential energy.
which depends on relative position
or energy contained by a field, such
as electromagnetic waves.
Heat consists of random motion angd
the vibrations of atoms, molecules
and ions. The higher the

e

1%

temperature, the greater the atomic

or molecular motion.

Everything tends to become les
organized and less orderly over timg.
Thus, in all energy transfers, thq
overall effect is that the energy is
spread out uniformly. Examples are
the transfer of energy from hotter td
cooler objects by conduction,
radiation, or convection and theg
warming of our surroundings when
we burn fuels.

1°2)
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E.B.3

Light, heat, electricity, and magnetishM.B.3

a. Light travels in a straight line untl

it strikes an object. Light can he
reflected by a mirror, refracted by|a
lens, or absorbed by the object.
Heat can be produced in many walys,
such as burning, rubbing, or mixing
one substance with another. Heat ¢an
move from one object to another by
conduction.
Electricity in circuits can produce
light, heat, sound, and magnetic
effects. Electrical circuits require|a
complete loop through which gn
electrical current can pass.
Magnets attract and repel each other
and certain kinds of other materials.

Transfer of Energy

a. Energy is a property of many

substances and is associafed
with heat, light, electricity,
mechanical motion, sound, nuclei,
and the nature of a chemical. Enengy
is transferred in many ways.
Heat moves in predictable ways,
flowing from warmer objects to
cooler ones, until both reach the
same temperature.
Light interacts with matter by
transmission (including refraction),
absorption, or scattering (includirig
reflection). To see an object, light
from that object—emitted by gr
scattered from it—-must enter the eye.
Electrical circuits provide a means
of transferring electrical energy
when heat, light, sound, and
chemical changes are produced.
In most chemical and nuclear
reactions, energy is transferred into
or out of a system. Heat, light,
mechanical motion, or electricity
might all be involved in suc
transfers.

The sun is a major source of energy
for changes on the earth's surfage.
The sun loses energy by emitting
light. A tiny fraction of that light
reaches the earth, transferring
energy from the sun to the earth. The
sun's energy arrives as light with a
range of wavelengths, consisting |of
visible light, infrared, and ultraviolet
radiation.

H.B.6 Interactions of energy and matter

a. Waves, including sound and seismiic

—

waves, waves on water, and ligh
waves, have energy and can transter
energy when they interact with
matter.
Electromagnetic waves result whgn
a charged object is accelerated pr
decelerated. Electromagnetic waves
include radio waves (the longeg
wavelength), microwaves, infrared
radiation (radiant heat), visible light|
ultraviolet radiation, x-rays, and
gamma rays. The energy o
electromagnetic waves is carried in
packets whose magnitude i
inversely proportional to the
wavelength.

Each kind of atom or molecule ca|
gain or lose energy only in particuIJq
discrete amounts and thus cgn
absorb and emit
light only at wavelengths
corresponding to these amounts.
These wavelengths can be used [to
identify the substance.
In some materials, such as metals,
electrons flow easily, whereas in
insulating materials such as glags
they can hardly flow at all.
Semiconducting materials hav
intermediate behavior. At low
temperatures some materials
become superconductors and offer
no resistance to the flow of
electrons.

—

—h
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C. Life Science - Life science focuses on science facts, concepts, principles, theories, and models that are important faud#rgs to know,
understand, and use.

E.C.1  Characteristics of Organisms M.C.1  Structure and function in living system$1.C.1 ~ The cell

a. Organisms have basic needs.

or
example, animals need air, water,

and food; plants require air, water,

nutrients, and light. Organisms can

survive only in environments i
which their needs can be met. The
world has many differen
environments, and distingt
environments support the life o¢f
different types of organisms.
Each plant or animal has differgnt

a. Living systems at all levels g
organization demonstrate tH
complementary nature of structu
and function. Important levels d
organization for structure an
function include cells, organg
tissues, organ systems, who
organisms, and ecosystems.

b. All organisms are composed

cells—the fundamental unit of lifa.

Most organisms are single cell

f
e

a. Cells have particular structures tha

underlie their functions. Every cell
is surrounded by a membrane thd

separates it from the outside world|

Inside the cell is a concentrateq
mixture of thousands of different
molecules which form a variety of
specialized structures that carry o
such cell functions as energy
production, transport of molecules
waste disposal, synthesis of ney

1t

1

—

structures that serve different other organisms, including humars, molecules, and the storage of genet|c
functions in growth, survival, an are multicellular. material.
reproduction. For example, humans c. Cells carry on the many functions b. Most cell functions involve
have distinct body structures for needed to sustain life. They grow chemical reactions. Food molecules
walking, holding, seeing, an and divide, thereby producing mofe taken into cells react to provide the
talking. cells. This requires that they take|in chemical constituents needed tp
. The behavior of individual nutrients, which they use to provide synthesize other molecules. Both
organisms is influenced by internjal energy for the work that cells do and breakdown and synthesis are made
cues (such as hunger) and py to make the materials that a cell jor possible by a large set of protein
external cues (such as a change in an organism needs. catalysts, called enzymes. The
the environment). Humans and other d. Specialized cells perform breakdown of some of the food
organisms have senses that hglp specialized functions in molecules enables the cell to storp
them detect internal and exterrjal multicellular organisms. Groups of energy in specific chemicals that ar¢
cues. specialized cells cooperate to form used to carry out the many functions

a tissue, such as a muscle. Differg
tissues are in turn grouped togeth
to form larger functional units
called organs. Each type of ce
tissue, and organ has a distin
structure and set of functions th
serve the organism as a whole.

eNnt
er

ct

c. Cells store and use information tq

of the cell.

guide their functions. The genetig
information stored in DNA is used
to direct the synthesis of the
thousands of proteins that each ce|
requires.

D
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e. The human organism has systems

for digestion, respiration|,
reproduction, circulation, excretion,
movement, control, an
coordination, and for protectio
from disease. These systems interjact
with one another.

Disease is a breakdown in structures
or functions of an organism. Some
diseases are the result of intrinsic
failures of the system. Others are the
result of damage by infection by
other organisms.

. Cell functions are regulated|

Regulation occurs both throug
changes in the activity of the
functions performed by proteins and
through the selective expression of
individual genes. This regulation
allows cells to respond to theif
environment and to control and
coordinate cell growth and division
Plant cells contain chloroplasts, the
site of photosynthesis. Plants arjd

r

f

=

many microorganisms use solg
energy to combine molecules @
carbon dioxide and water intdg
complex, energy rich organid
compounds and release oxygen o
the environment. This process gf
photosynthesis provides a vital
connection between the sun and the
energy needs of living systems.
Cells can differentiate, and complek
multicellular organisms are formed
as a highly organized arrangement
of differentiated cells. In the
development of these multicellular
organisms, the progeny from
single cell form an embryo in which
the cells multiply and differentiate
to form the many specialized cells,
tissues and organs that comprise the
final organism. This differentiation
is regulated through the expressign
of different genes.

12

20



NATIONAL SCIENCE STANDARDS

E.C.2

Life cycles of organisms

a. Plants and animals have life cyc

that include being born, developir
into adults, reproducing, an
eventually dying. The details of th
life cycle are different for differen
organisms.

Plants and animals closely resem
their parents.

Many characteristics of an organid
are inherited from the parents of t
organism, but other characteristi
result from an individual'y
interactions with the environmer
Inherited characteristics include ti
color of flowers and the number
limbs of an animal. Other featurg
such as the ability to ride a bicycl
are learned through interactions w|
the environment and cannot |

passed on to the next generation|

M.C.2
es

g9
d
S
t

ne
Df
S,
e,
th
he

Reproduction and heredity

a. Reproduction is a characteristic |of
all living systems; because no

individual organism lives forever,

reproduction is essential to the

H.C.2.

continuation of every species. Some

organisms reproduce asexually

Other organisms reproduce sexually.

In many species, including humans,

females produce eggs and male

produce sperm. Plants algo
reproduce sexually—the egg and
sperm are produced in the flowers

of flowering plants. An egg and

sperm unite to begin development

of a new individual. That nev
individual receives geneti
information from its mother (via th
egg) and its father (via the sperm)

WU

S

Sexually produced offspring never

are identical to either of their
parents.
Every organism requires a set [0
instructions for specifying its traitg.

Heredity is the passage of these

instructions from one generation fo

another.
Hereditary information is containgd
in genes, located in the

chromosomes of each cell. Ea¢ch

gene carries a single unit of
information. An inherited trait of af

individual can be determined by one

or by many genes, and a single gane
can influence more than one trait.|A

human cell contains many thousard
of different genes.

S

Molecular basis of heredity

a.

In all organisms, the instructions fo
specifying the characteristics of thd
organism are carried in DNA, a largg
polymer formed from subunits of
four kinds (A, G, C, and T). The
chemical and structural properties g
DNA explain how the genetic
information that underlies heredity
is both encoded in genes (as a strir
of molecular "letters") and
replicated (by a templating
mechanism). Each DNA molecule in
a cell forms a single chromosome.
Most of the cells in a human contair
two copies of each of 22 different
chromosomes. In addition, there i
a pair of chromosomes thaf
determines sex: a female contain

two X chromosomes and a malg

contains one X and one Y
chromosome. Transmission of
genetic information to offspring
occurs through egg and sperm cel
that contain only one representativ
from each chromosome pair. An eg
and a sperm unite to form a ney
individual. The fact that the humar
body is formed from cells that
contain two copies of each
chromosome—and therefore twq
copies of each gene—explains man
features of human heredity, such g
how variations that are hidden in on
generation can be expressed in tl]
next.

I

7]
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e. The characteristics of an organism c. Changes in DNA (mutations) occur
can be described in terms of|a spontaneously at low rates. Some pf
combination of traits. Some traits are these changes make no difference(to
inherited and others result from the organism, whereas others can
interactions with the environment,. change cells and organisms. Only

mutations in germ cells can create

the variation that changes an
organism's offspring.

22
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E.C3

Organisms and environments

. An organism's patterns of behav

animals eat plants for food. Oth
animals eat animals that eat t
plants.

are related to the nature of th

organism's environment, including

the kinds and numbers of oth
organisms present, the availabil
of food and resources, and t
physical
the environment. When th
environment changes, some pla
and animals survive and reprodu

characteristics df

M.C.4

a. Allanimals depend on plants. Some

er
he

or
at

er

ty
ne

e
nts
Le,

and others die or move to new

locations.

All organisms cause changes in the

environment where they live. Some

of these changes are detrimenta
the organism or other organism
whereas others are beneficial.
Humans depend on their natural g

to
51

nd

constructed environments. Humans

change environments in ways th
can be either beneficial d
detrimental for themselves and ott]
organisms.

at
r
er

Populations and ecosystems

a. A population consists of a

individuals of a species that occ

together at a given place and time.

All populations living together an

the physical factors with which thely

interact compose an ecosystem.
Populations of organisms can
categorized by the function thg
serve in an ecosystem. Plants 3
some micro-organisms  af
producers—they make their ow
food. All animals, including
humans, are consumers, whi
obtain food by eating othe
organisms. Decomposers, primar
bacteria and fungi, are consumg
that use waste materials and dg
organisms for food. Food wel
identify the relationships amon
producers, consumers, al
decomposers in an ecosystem.

For ecosystems, the major sourcs
energy is sunlight. Energy enterin
ecosystems as sunlight is transfer

Ch
r
ly
16
ad
S

g
d

of

g
ed

by producers into chemical ener

y

through photosynthesis. That energy
then passes from organism [o

organism in food webs.

. The number of organisms

n

ecosystem can support depends|on

the resources available and abi

ic

factors, such as quantity of light and
water, range of temperatures, ahd
soil composition. Given adequate
biotic and abiotic resources and no

Interdependence of organisms

a.

The atoms and molecules on th
earth cycle among the living and
nonliving components of the
biosphere.

Energy flows through ecosystems i

one direction, from photosynthetic
organisms to herbivores to
carnivores and decomposers.

Organisms both cooperate an
compete in ecosystems,
The interrelationships and
interdependencies of thesd

organisms may generate ecosystems

that are stable for hundreds o
thousands of years.

Living organisms have the capacity
to produce populations of infinite

size, but environments and resources

are finite. This fundamental tension
has profound effects on the
interactions between organisms.

Human beings live within the
world's ecosystems. Increasingly]
humans modify ecosystems as
result of population growth,
technology, and consumption,
Human destruction of habitatg
through direct harvesting, pollution,
atmospheric changes, and othe

factors is threatening current global

stability, and if not addressed,
ecosystems will be irreversibly
affected.

[

r
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disease or predators, populatig

ns

(including humans) increase at rapid
rates. Lack of resources and other
factors, such as predation and

climate, limit the growth of

populations in specific niches in the

ecosystem.
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M.C.5  Diversity and adaptations of organianBLCB

a. Millions of species of animalg,
plants, and microorganisms are alive
today. Although different specigs
might look dissimilar, the unity
among organisms becomes apparent
from an analysis of internal
structures, the similarity of their
chemical processes, and the
evidence of common ancestry.

b. Biological evolution accounts fgr
the diversity of species developed
through gradual processes over
many generations. Species acquire
many of their unique characteristi¢s
through biological adaptation,
which involves the selection gf
naturally occurring variations in
populations. Biological adaptations
include changes in structures,
behaviors, or physiology thgt
enhance survival and reproductiye
success in a particular environmenpt.

c. Extinction of a species occurs when
the environment changes and the
adaptive characteristics of a spec|es
are insufficient to allow its survival,
Fossils indicate that many
organisms that lived long ago afe
extinct. Extinction of species is
common; most of the species that
have lived on the earth no longger
exist.

Biological evolution

a. Species evolve over time. Evolution

. The great diversity of organisms is

. The millions of different species of

is the consequence of the
interactions of (1) the potential for
a species to increase its numbers, (2)
the genetic variability of offspring
due to mutation and recombinatior
of genes, (3) a finite supply of the
resources required for life, and (4
the ensuing selection by the
environment of those offspring
better able to survive and leave
offspring.

the result of more than 3.5 billion
years of evolution that has filled
every available niche with life
forms.

Natural selection and its
evolutionary consequences provid
a scientific explanation for the fossil
record of ancient life forms, as well
as for the striking molecular
similarities observed among th¢g
diverse species of living organisms

1%

plants, animals, and microorganism
that live on earth today are relate(
by descent from common ancestors.
Biological classifications are based
on how organisms are related
Organisms are classified into g
hierarchy of groups and subgroup
based on similarities which reflect
their evolutionary relationships.
Species is the most fundamental un
of classification.

07
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H.C.5

Matter, energy, and organization i
living systems

a.

. The chemical bonds of food

All matter tends toward more

disorganized states. Living system
require a continuous input of energ
to maintain their chemical ang
physical organizations. With death
and the cessation of energy inpu
living systems rapidly disintegrate
The energy for life primarily deriveq

from the sun. Plants capture energy

by absorbing light and using it tg
form strong (covalent) chemical

=]

<

—t

bonds between the atoms of carbop-

containing (organic) molecules

These molecules can be used fo

assemble larger molecules with

biological activity (including

proteins, DNA, sugars, and fats). In

addition, the energy stored in bong

between the atoms (chemical

energy) can be used as sources
energy for life processes.

molecules contain energy. Energy
released when the bonds of fog
molecules are broken and ne
compounds with lower energy
bonds are formed. Cells usuall
store this energy temporarily ir
phosphate bonds of a small high
energy compound called ATP.
The complexity and organization g
organisms accommodates the ne
for obtaining, transforming,
transporting, releasing, ang

W =
o

)
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f.

eliminating the matter and energy
used to sustain the organism.

The distribution and abundance d
organisms and populations in
ecosystems are limited by the
availability of matter and energy ang
the ability of the ecosystem to
recycle materials.

As matter and energy flows through
different levels of organization of
living systems-—cells, organs,
organisms, communities—and
between living systems and thd
physical environment, chemical
elements are recombined in differen

ways. Each recombination results in

storage and dissipation of energy
into the environment as heat. Matte
and energy are conserved in eag
change.

t

r
h
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M.C.3

Regulation and behavior

a. All organisms must be able tq
obtain and use resources, groy
reproduce, and maintain stabl
internal conditions while living in
a constantly changing externg
environment.

b. Regulation of an organism's

internal environment involves
sensing the internal environmer
and changing physiological
activities to keep conditions within
the range required to survive.

c. Behavior is one kind of respons
an organism can make to a
internal or environmental stimulus
A behavioral response require

coordination and communication at

many levels, including cells, orgar

systems, and whole organisms

Behavioral response is a set ¢
actions determined in part by
heredity and in part from
experience.

d. An organism's behavior evolve
through adaptation to its
environment. How a species
moves, obtains food, reproduce;
and responds to danger are bas

in the species' evolutionary history.

H.C.6

D

T =

b

D
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N

D.

f

Behavior of organisms

a. Multicellular animals have nervou

. Organisms

»]
systems that generate behaviqr.
Nervous systems are formed from
specialized cells that conduct sign
rapidly through the long cell
extensions that make up nerves. The
nerve cells communicate with each
other by secreting specific excitato
and inhibitory molecules. In sens
organs, specialized cells detect light,
sound, and specific chemicals and
enable animals to monitor what i
going on in the world around them.
have behaviorgl
responses to internal changes and to
external stimuli. Responses t
external stimuli can result fro
interactions with the organism's ow
species and others, as well
environmental changes; thes
responses either can be innate for
learned. The broad patterns
behavior exhibited by animals hav
evolved to ensure reproductiv
success. Animals often live i
unpredictable environments, and go
their behavior must be flexibl
enough to deal with uncertainty an
change. Plants also respond to
stimuli.
Like other aspects of an organisn|'s
biology, behaviors have evolve
through natural selection. Behaviofs
often have an adaptive logic whe
viewed in terms of evolutionar
principles.
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d. Behavioral biology has implications
for humans, as it provides links tg
psychology, sociology, and
anthropology.
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D. Earth and Space Science - Earth and space science focuses on science facts, concepts, principles, theories, and modetsithabatant for all
students to know, understand, and use.

H.D.1 Energy in the earth system

a. Earth systems have internal and
external sources of energy, both of
which create heat. The sun is the
major external source of energy.
Two primary sources of interna
energy are the decay of radioactiye
isotopes and the gravitational energy
from the earth's original formation

b. The outward transfer of earth’
internal heat drives convectio
circulation in the mantle that propel
the plates comprising earth's surfage
across the face of the globe.

c. Heating of earth's surfac
and atmosphere by th
sun drives convection within
the atmosphere and oceang,
producing winds and ocean curren

d. Global climate is determined b
energy transfer from the sun at and
near the earth's surface. This enerfly
transfer is influenced by dynami
processes such as cloud cover and
the earth's rotation, and static
conditions such as the position gf
mountain ranges and oceans.

[
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E.D.1

Properties of earth materials

a. Earth materials are solid rocks and

soils, water, and the gases of the
atmosphere. The varied materigls
have different physical and chemigal
properties, which make them useful
in different ways, for example,
building materials, as sources [of
fuel, or for growing the plants
use as food. Earth materials provide
many of the resources that humans
use.

. Soils have properties of color apd

texture, capacity to retain water, apd
ability to support the growth
many kinds of plants, includin
those in our food supply.

Fossils provide evidence about the
plants and animals that lived long
ago and the nature of the
environment at that time.

M.D.1  Structure of the earth system

a. The solid earth is layered with|a

lithosphere; hot, convecting mantl
and dense, metallic core.
Lithospheric plates on the scales|of
continents and oceans constantly
move at rates of centimeters per year
in response to movements in the
mantle. Major geological events,
such as earthquakes, volcarnic
eruptions, and mountain building,
result from these plate motions.
Land forms are the result of |a
combination of constructive and
destructive forces. Constructie
forces include crustal deformatiop,
volcanic eruption, and deposition pf
sediment, while destructive forces
include weathering and erosion.

)

. Some changes in the solid earth ¢an

be described as the "rock cycle." Qld
rocks at the earth's surface weather,
forming sediments that are buried,
then compacted, heated, and often
recrystallized into new rock|
Eventually, those new rocks may be
brought to the surface by the forcgs
that drive plate motions, and the rogk
cycle continues.

Soil consists of weathered rocks gnd
decomposed organic material frgm
dead plants, animals, and bactefia.
Soils are often found in layers, with
each having a different chemichl
composition and texture.

Water, which covers the majority of
the earth's surface, circulate¢s

H.D.2

Geochemical cycles

a.

The earth is a system containin
essentially a fixed amount of each

stable chemical atom or elementl.

Each element can exist in severa
different chemical reservoirs. Eacli
element on earth moves amon

reservoirs in the solid earth, oceans$

atmosphere, and organisms as pa
of geochemical cycles.
Movement of matter between

reservoirs is driven by the earth's

internal and external sources o
energy. These movements are ofte
accompanied by a change in th
physical and chemical properties o
the matter. Carbon, for example
occurs in carbonate rocks such g
limestone, in the atmosphere a
carbon dioxide gas, in water as
dissolved carbon dioxide, and in al
organisms as complex molecule
that control the chemistry of life.
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through the crust, oceans, apd
atmosphere in what is known as the
"water cycle." Water evaporates
from the earth's surface, rises and
cools as it moves to higher
elevations, condenses as rain|or
snow, and falls to the surface whare
it collects in lakes, oceans, soil, apd
in rocks underground.
g. Water is a solvent. As it passgs
through the water cycle it dissolves
minerals and gases and carries them
to the oceans.
h. The atmosphere is a mixture pf
nitrogen, oxygen, and trace gages
that include water vapor. Thie
atmosphere has different properties
at different elevations.
i. Clouds, formed by the condensatipn
of water vapor, affect weather and
climate.
j. Global patterns of atmospher|c
movement influence local weather.
Oceans have a major effect ¢on
climate, because water in the oceans
holds a large amount of heat.
k. Living organisms have played many
roles in the earth system, including
affecting the composition of the
atmosphere, producing some types
of rocks, and contributing to thie
weathering of rocks.
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E.D.2

Objects in the sky

a. The sun, moon, stars, clouds, bir
and airplanes all have propertig
locations, and movements that g
be observed and described.

b. The sun provides the light and hg
necessary to maintain th
temperature of the earth.

M.D.3

ds,
S,
an

pat
e

Earth in the solar system

a.

. The sun is the major source

The earth is the third planet from t
sun in a system that includes t
moon, the sun, eight other plang
and their moons, and smallg
objects, such as asteroids a
comets. The sun, an average sta
the central and largest body in t
solar system.

Most objects in the solar system §
in regular and predictable motio
Those motions explain suc
phenomena as the day, the ye

phases of the moon, and eclipses.

Gravity is the force that keef
planets in orbit around the sun a
governs the rest of the motion in tf
solar system. Gravity alone holds

b

hd
ne
LIS

to the earth's surface and explains

the phenomena of the tides.

pf

energy for phenomena on the earth's

surface, such as growth of plan

S,

winds, ocean currents, and the waler

cycle. Seasons result from variatio
in the amount of the sun's ener
hitting the surface, due to the tilt ¢
the earth's rotation on its axis a
the length of the day.

ns
Yy
of
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E.D.3

Changes in earth and sky M.D.2
a. The surface of the earth changges.
Some changes are due to slow
processes, such as erosion gnd
weathering, and some changes pre
due to rapid processes, such|as
landslides, volcanic eruptions, and
earthquakes.
b. Weather changes from day to day
and over the seasons. Weather ¢an
be described by measurablle
guantities, such as temperature,
wind direction and speed, and
precipitation.
c. Objects in the sky have patterns|of
movement. The sun, for example,
appears to move across the sky| in
the same way every day, but its path
changes slowly over the seasops.
The moon moves across the skylon
a daily basis much like the sun. The
observable shape of the moon
changes from day to day in a cygle
that lasts about a month.

Earth’s history

a. The earth processes we see to(

including erosion, movement (
lithospheric plates, and changes
atmospheric compaosition, af

H.D.3

lay,
f
in
e

similar to those that occurred in the

past. Earth history is also influencs
by occasional catastrophes, such
the impact of an asteroid or comg
Fossils provide important eviden
of how life and environmentg
conditions have changed.

pd
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Origin and evolution of the earth syste

a. The sun, the earth, and the rest

the solar system formed from
nebular cloud of dust and gas 4
billion years ago. The early eart
was very different from the plane
we live on today.

. Geologic time can be estimated |

observing rock sequences and usi
fossils to correlate the sequences
various locations. Current method
include using the known decay ratsg
of radioactive isotopes present i
rocks to measure the time since tf
rock was formed.

Interactions among the solid eart
the oceans, the atmosphere, a
organisms have resulted in th
ongoing evolution of the earth
system. We can observe son
changes such as earthquakes 9
volcanic eruptions on a human tim
scale, but many processes such
mountain building and plate
movements take place ove
hundreds of millions of years.

Evidence for one-celled forms of

life—the bacteria—extends back mo

than 3.5 billion years. The evolution

of life caused dramatic changes i
the composition of the earth’
atmosphere, which did not originally
contain oxygen.
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H.D.4

Origin and evolution of the universe

. Early in the history of the universe

a. The origin of the universe remains

one of the greatest questions i
science. The "big bang" theory
places the origin between 10 and 2

billion years ago, when the universe

beganin a hot dense state; accordin
to this theory, the universe has bee
expanding ever since.

matter, primarily the light atoms
hydrogen and helium, clumped
together by gravitational attraction
to form countless trillions of stars.
Billions of galaxies, each of which
is a gravitationally bound cluster of
billions of stars, now form most of
the visible mass in the universe.
Stars produce energy from nuclea
reactions, primarily the fusion of
hydrogen to form helium. These ang
other processes in stars have led
the formation of all the other
elements.

h
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E. Science and Technology - An understanding of science and technology establishes connections between the natural and desigredinking

science and technology.

EE.1

a
b
C.
d
e

Abilities of technological design

. Propose a solution.
Implementing proposed solutiong.
. Evaluate a product or design.
. Communicate a problem, desig

Identify a simple problem.

and solution.

M.E.1

Abilities of technological design

a.

13

Identify appropriate problems fq
technological design.

Design a solution or product.
Implement a proposed design.
Evaluate completetgchnological
designs or products.
Communicate the process
technological design.

H.E.1

pr

Abilities of technological design

opportunity.
. Propose designs and choos

. Evaluate the solution and it

Identify a problem or design a

between alternative solutions.
Implement a proposed solution.

consequences.
Communicate the problem, proceg
and solution.

—
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E.E2

Understandings about science 4
technology

a. People have always had questi

. Women and men of all age

about their world. Science is of

way of answering questions and

explaining the natural world.
People have always had proble

nel.E.2

bNS
e

ms

and invented tools and techniques

(ways of doing something) to sol\
problems. Trying to determine th
effects of solutions helps peop,
avoid some new problems.

Scientists and engineers often wq
in teams with different individual

doing different things that contribute

to the results. This understandi
focuses primarily on teams workin
together and secondarily, on t
combination of scientist an
engineer teams.

backgrounds, and groups engags
a variety of scientific ang
technological work.

Tools help scientists make bet
observations, measurements, 8
equipment for investigations. The
help scientists see, measure, ang
things that they could not otherwis
see, measure, and do.

e
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a. Scientific inquiry and technologica

design have similarities an

differences. Scientists propose

explanations for questions about t

natural world, and engineets
propose solutions relating to human
problems, needs, and aspirations.

Technological solutions ar

Understandings about science a]nld.E.Z
technology

temporary; technologies exist within
nature and o) they
cannot contravene physical

or biological principles;

technological solutions have side

effects; and technologies cost, ca
risks, and provide benefits.

Many different people in different

cultures have made and continue
make contributions to science a
technology.

Science and technology a

reciprocal. Science helps drive
bNs
that demand more sophisticated
instruments and provides principlgs

technology, as it addresses questi

for better instrumentation an
technigue. Technology is essent
to science, because it provid

e

d
al
bS

instruments and techniques that

enable observations of objects &

phenomena that are otherwise
as

unobservable due to factors such
guantity, distance, location, size, al
speed. Technology also provid
tools for investigations, inquiry, an
analysis.
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Understandings about science an
technology

a. Scientists in different disciplines ash

. Science often advances with th

different questions, use different
methods of investigation, and accef
different types of evidence to
support their explanations. Many
scientific investigations require the
contributions of individuals from
different disciplines, including
engineering. New disciplines of
science, such as geophysics an
biochemistry often emerge at thd
interface of two older disciplines.

introduction of new technologies.
Solving technological problems
often results in new scientific
knowledge. New technologies ofter
extend the current levels of scientifid
understanding and introduce neyv
areas of research.

Creativity, imagination, and a good

knowledge base are all required in
the work of science and engineering.
. Science and technology are pursud

for different purposes. Scientific
inquiry is driven by the desire to
understand the natural world, ang
technological design is driven by the
need to meet human needs and sol
human problems. Technology, by it
nature, has a more direct effect o
society than science because it
purpose is to solve human problemg
help humans adapt, and fulfill
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human aspirations. Technologica
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d. Perfectly designed solutions do 1

exist. All technological solution
have trade-offs, such as safety, cq
efficiency,

systems to provide safety. Risk
part of living in a highly

technological world. Reducing risk

often results in new technology.
. Technological designhs hay

U7

and appearance.
Engineers often build in back-up

ot

St,

is

e

constraints. Some constraints gre

unavoidable, for example, properties
of materials, or effects of weather

and friction; other constraints lim
choices in the design, for examp
environmental protection, huma
safety, and aesthetics.

Technological solutions have

intended benefits an

=

t
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unintended consequences. Some

consequences can be predict
others cannot.

3%
o

solutions may create new problem
Science, by its nature, answel
guestions that may or may nd
directly influence humans.
Sometimes scientific advance
challenge people's beliefs an
practical explanations concernin
various aspects of the world.

Technological knowledge is ofte
not made public because of paten
and the financial potential of the ide
or invention. Scientific knowledgg
is made public through presentatior
at professional meetings an
publications in scientific journals.
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E.E3

Abilities to distinguish between natural
objects and objects made by humanis

a. Some objects occur in nature; others

have been designed and made

by

people to solve human problems gnd

enhance the quality of life.

b. Objects can be categorized into tyo

groups, natural and designed.
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F. Science in Personal and Social Perspectives - A personal and social perceive of science helps a student to understand amdpsssonal and

social issues. This perspective builds a foundation for future decision making.

EF1

Personal Health

a. Safety and security are basic negds

of humans. Safety involves freedgm
from danger, risk, or injury. Security
involves feelings of confidence and
lack of anxiety and fear. Student
understandings include following
safety rules for home and school,
preventing abuse and negleg¢t,
avoiding injury, knowing whom td
ask for help, and when and how [to
say no.
Individuals have some responsibility
for their own health. Students shoyld
engage in personal care—dental
hygiene, cleanliness, and exercige—
that will maintain and improve
health. Understandings include hqw
communicable diseases, such |as
colds, are transmitted and some|of
the body's defense mechanisms that
prevent or overcome illness.
Nutrition is essential to health.
Students should understand how the
body uses food and how variolis
foods contribute to health.

Recommendations for good
nutrition include eating a variety ¢
foods, eating less sugar, and eat|ng
less fat.
Different substances can damage|the
body and how it functions. Sugh
substances include tobacco, alcotjol,

=

M.F.1 Personal health

a. Regular exercise is important

to the maintenance and
improvement of health. The benefits
of physical fitness includ
maintaining healthy weight, havin
energy and strength for routirje
activities, good muscle tone, bone
strength, strong heart/lung systems,
and improved mental health.
Personal exercise, especially
developing cardiovasculgr
endurance, is the foundation
physical fitness.

. The potential for accidents and the

existence of hazards imposes the
need for injury prevention. Safe
living involves the development and
use of safety precautions and the
recognition of risk in personadl
decisions. Injury prevention hds
personal and social dimensions.
The use of tobacco increases the fisk
of illness. Students shoul
understand the influence of shoft-
term social and psychological
factors that lead to tobacco use, gnd
the possible long-term detrimen
effects of smoking and chewinlg
tobacco.

. Alcohol and other drugs are often

abused substances. Such drygs
change how the body functions and
can lead to addiction.

H.F.1 Personal and community health

a. Hazards and the potential fg

. The severity of disease sympton

=

accidents exist. Regardless of the
environment, the possibility of
injury, iliness, disability, or death
may be present. Humans have|a
variety of mechanisms—sensory,
motor, emotional, social, and
technological-that can reduce ard
modify hazards.

S
is dependent on many factors, su¢h
as human resistance and the
virulence of the disease-producing
organism. Many diseases can be
prevented, controlled, or cured.
Some diseases, such as cancer, result
from specific body dysfunctions andg
cannot be transmitted.
Personal choice concerning fitnegs
and health involves multiple factors.
Personal goals, peer and socigl
pressures, ethnic and religious
beliefs, and understanding o
biological consequences can 4l
influence decisions about healt

practices.

. An individual's mood and behavio

may be modified by substances. The
modification may be beneficial o
detrimental depending on th
motives, type of substance, duratign
of use, pattern of use, level of
influence, and short- and long-ter
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over-the-counter medicines, af
illicit drugs. Students shoul
understand that some substang
such as prescription drugs, ¢
be beneficial, but that any substar]
can be harmful if wuse
inappropriately.

nd
)|
es,
an
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e. Food provides energy and nutrief
for growth and development.
Nutrition requirements vary with

body weight, age, sex, activity, an
body functioning.

Sex drive is a naturg
human function that require
understanding. Sex is also
prominent means of transmittin
diseases. The diseases can
prevented through a variety (¢
precautions.

Natural environments may contafin

substances (for example, radon 3
lead) that are harmful to humg
beings. Maintaining environmentg
health involves establishing d
monitoring quality standards relatg
to use of soil, water, and air.
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. Sexuality is basic to the physical

effects. Students should understan
that drugs can result in physica
dependence and can increase the ri
of injury, accidents, and death.

Selection of foods and eating
patterns determine nutritional
balance. Nutritional balance has i
direct effect on growth and
development and personal well
being. Personal and social factors
such as habits, family income, ethni
heritage, body size, advertising, an

peer pressure—influence nutritional

choices.

Families serve basic health needs

especially for young children.
Regardless of the family structure
individuals have families that
involve a variety of physical,
mental, and social relationships thg
influence the maintenance ang
improvement of health.

mental, and social development o
humans. Students should understan
that human sexuality involves
biological functions, psychological
motives, and cultural, ethnic,
religious, and technological
influences. Sex is a basic ang
powerful force that has
consequences to individuals' healt
and to society. Students shoulq
understand various methods o
controlling the reproduction process
and that each method has a differef
type of effectiveness and different
health and social consequences.
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E.F.2

Characteristics and changes | M.F.2
populations

a. Human populations include groups

of individuals living in a particula
location. One importanit
characteristic of a human populatipn
is the population density—the number
of individuals of a particula
population that lives in a given
amount of space.

. The size of a human population gan

increase or decrease. Populatipns
will increase unless other factors

such as disease or famine decrgase
the population.

. Causes of environmental

Populations, resources, anei.F.2
environments

a. When an area becomes

overpopulated, the environment wjll
become degraded due to the
increased use of resources.

degradation and resource depletion
vary from region to region and from
country to country.

Population growth

a. Populations grow or decline throug

. Various factors influence birth rates

=y

the combined effects of births ang
deaths, and through emigration and
immigration. Populations can
increase through linear o
exponential growth, with effects of
resource use and environmental
pollution.

and fertility rates, such as average
levels of affluence and education),
importance of children in the labof
force, education and employment ¢f
women, infant mortality rates, costs
of raising children, availability and
reliability of birth control methods,
and religious beliefs and culturall
norms that influence personal
decisions about family size.
Populations can reach limits t

growth. Carrying capacity is th

maximum number of individual
that can be supported in a given
environment. The limitation is no
the availability of space, but th
number of people in relation t
resources and the capacity of earnth
systems to support human beings.
Changes in technology can cause
significant changes, either positiv
or negative, in carrying capacity.
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E.F.3

Types of resources

a. Resources are things that we pet
from the living and nonliving
environment to meet the needs gnd
wants of a population.

b. Some resources are basic materijals,
such as air, water, and soil; some pre
produced from basic resources, suich
as food, fuel, and building materials;
and some resources are nonmatefial,
such as quiet places, beauty,
security, and safety.

c. The supply of many resources|is
limited. If used, resources can be
extended through recycling and
decreased use.

H.F.3

Natural resources

a. Human populations use resources |n
the environment in order to maintair
and improve their existence. Natural
resources have been and wil
continue to be used to maintair
human populations.

b. The earth does not have infinite
resources; increasing human
consumption places severe stress ¢n
the natural processes that reneyw
some resources, and it depletes thoge
resources that cannot be renewed

c. Humans use many natural systems
as resources. Natural systems haye
the capacity to reuse waste, but that
capacity is limited. Natural systems
can change to an extent that exceegls
the limits of organisms to adapf]
naturally or humans to adapt
technologically.
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H.F.4 Environmental quality

a. Natural ecosystems provide an array
of basic processes that affegt
humans. Those processes inclugle
maintenance of the quality of th
atmosphere, generation of soil$,
control of the hydrologic cycle,
disposal of wastes, and recycling ¢f
nutrients. Humans are changin
many of these basic processes, and
the changes may be detrimental o
humans.

b. Materials from human societies
affect both physical and chemicgl
cycles of the earth.

c. Many factors influence
environmental quality. Factors that
students might investigate include
population growth, resource use,
population distribution,
overconsumption, the capacity df
technology to solve problems|
poverty, the role of economic
political, and religious views, and
different ways humans view the
earth.
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E.F4 Changes in environments M.F.3 Natural hazards H.F.5 Natural and human-induced hazards
a. Environments are the spadge, a. Internal and external processes|of a. Normal adjustments of earth may be
conditions, and factors that affect an the earth system cause natufal hazardous for humans. Humans live
individual's and a populationis hazards, events that change |or at the interface between the
ability to survive and their quality destroy human and wildlife habitats, atmosphere driven by solar energy
of life. damage property, and harm or Kill and the upper mantle where
b. Changes in environments can |pe humans. Natural hazards inclugle convection creates changes in th
natural or influenced by humans. earthquakes, landslides, wildfires, earth's solid crust. As societies hay
Some changes are good, some |are volcanic eruptions, floods, storms, grown, become stable, and come t
bad, and some are neither good por and even possible impacts pf value aspects of the environmen
bad. Pollution is a change in the asteroids vulnerability to natural processes o
environment that can influence the b. Human activities also can induge change has increased.
health, survival, or activities gf hazards through resourqge b. Human activities can enhanc
organisms, including humans. acquisition, urban growth, land-usge potential for hazards. Acquisition of
c. Some environmental changes ocgur decisions, and waste disposal. Such resources, urban growth, and waste
slowly, and others occur rapidly. activities can accelerate many disposal can accelerate rates qof
Students should understand the natural changes. natural change.
different consequences of changing c. Natural hazards can present persgnal c. Some hazards, such as earthquakes,
environments in small increments and societal challenges because volcanic eruptions, and sever
over long periods as compared with misidentifying the change of weather, are rapid and spectacular.
changing environments in large incorrectly estimating the rate and But there are slow and progressiv
increments over short periods. scale of change may result in either changes that also result in problem
too little attention and significant for individuals and societies. For
human costs or too much cost for example, change in stream channel
unneeded preventive measures. position, erosion of bridge

foundations, sedimentation in lake
and harbors, coastal erosions, and
continuing erosion and wasting o
soil and landscapes can al
negatively affect society.

d. Natural and human-induced hazards
present the need for humans t
assess potential danger and risk.
Many changes in the environmen
designed by humans bring benefit
to society, as well as cause risks.
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Students should understand the costs
and trade-offs of various hazards—
ranging from those with minor risk
to a few people to major
catastrophes with major risk to
many people. The scale of events
and the accuracy with which
scientists and engineers can (and
cannot) predict events are important
considerations.
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M.F.4

Risks and benefits

a. Risk analysis considers the type

. Students should understand the ri

. Individuals can use a systema

. Important personal and soci

hazard and estimates the numbe
people that might be exposed a
the number likely to suffe
consequences. The results are u
to determine the options fg
reducing or eliminating risks.

associated with natural hazar

(fires, floods, tornadoes, hurricanes,

earthquakes, and volcan

eruptions), with chemical hazard

(pollutants in air, water, soil, an
food), with biological hazard:
(pollen, viruses, bacterial, an
parasites), social hazard
(occupational safety an
transportation), and with person
hazards (smoking, dieting, an
drinking).

approach to thinking critically abod
risks and benefits. Examples inclu
applying probability estimates t
risks and comparing them t
estimated personal and soci
benefits.

decisions are made based
perceptions of benefits and risks.
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E.F.5

Science and technology in logaWl.F.5
challenges

a. People continue inventing new ways
of doing things, solving problem
and getting work done. New ideas
and inventions often affect other

improved food quality and quantit
transportation, health, sanitatio
and communication. These benefjts
of science and technology are not
available to all of the people in the
world.

Science and technology in society

a. Science influences society through

its knowledge and world view.
Scientific knowledge and thg
procedures used by scientigts
influence the way many individuals
in society think about themselves,
others, and the environment. The
effect of science on society is neither
entirely beneficial nor entirely
detrimental.

. Societal challenges often inspire

guestions for scientific research, ahd
social priorities often influenc
research priorities through the
availability of funding for research.
Technology influences society

through its products and processgs.

Technology influences the quality of
life and the ways people act and
interact. Technological changes
often accompanied by socidl,
political, and economic changes that
can be beneficial or detrimental fo
individuals and to society. Social
needs, attitudes, and values
influence the direction o
technological development.

. Science and technology haye

advanced through contributions pf
many different people, in different
cultures, at different times in history.
Science and technology haye
contributed enormously t
economic growth and productivi
among societies and groups within
societies.

Science and technology in loca
national, and global challenges

a. Science and technology are essential

social enterprises, but alone they can
only indicate what can happen, not

what should happen. The latte
involves human decisions about th
use of knowledge.

b. Understanding basic concepts af
principles of science and technolog
should precede active debate abg
the economics, policies, politics, an
ethics of various science- an

technology-related challengesq.

However, understanding sciend
alone will not resolve local, national
or global challenges.

c. Progress in science and technolo
can be affected by social issues a
challenges. Funding priorities fo
specific health problems serve g
examples of ways that social issug
influence science and technology.

d. Individuals and society must decid
on proposals involving new researg
and the introduction of new
technologies into society. Decision
involve assessment of alternative
risks, costs, and benefits an
consideration of who benefits an
who suffers, who pays and gain
and what the risks are and who beg
them. Students should understar
the appropriateness and value
basic questions—"What calf
happen?"-"What are the odds?'
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e. Scientists and engineers work [in

many different settings, includin
colleges and universities, businesses
and industries, specific research

institutes, and government agencies.
Scientists and engineers have ethical
codes requiring that human subjects
involved with research be full
informed about risks and benefits

associated with the research before
the individuals choose to participate.
This ethic extends to potential risks
to communities and property. |
short, prior knowledge and consent
are required for research involving

human subjects or potential damage
to property.
. Science cannot answer all questions
and technology cannot solve all
human problems or meet all human
needs. Students should understand
the difference between scientific and

other questions. They should
appreciate what science and
technology can reasonably
contribute to society and what they
cannot do. For example, new
technologies often will decreage
some risks and increase others.

and "How do scientists and
engineers know what will happen?'
Humans have a major effect on othe
species. For example, the influenc
of humans on other organisms
occurs through land use—which
decreases space available to oth
species—and pollution—-which
changes the chemical composition
of air, soil, and water.

=

11%

19
—_

49



NATIONAL SCIENCE STANDARDS

G. History and Nature of Science - The history and nature of science illustrates different aspects of scientific inquiry, thenhan aspects of science,
and the role that science has played in the development of various cultures.

E.G1

a.

b.

Science as a human endeavor

Science and technology have bd
practiced by people for a long tim
Men and women have made
variety of contributions throughod
the history of science an
technology.

. Although men and women usin

scientific inquiry have learned mud
about the objects, events, a
phenomena in nature, much mg
remains to be understood. Scier
will never be finished.

Many people choose science a
career and devote their entire liv
to studying it. Many people deriv
great pleasure from doing scienc
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a.

Science as a human endeavor

Women and men of various soc|

and ethnic backgrounds—and with

diverse interests, talents, qualiti
and motivations—engage in th
activities of science, engineerin
and related fields such as the hes
professions. Some scientists work
teams, and some work alone, but
communicate extensively wit
others.

Science requires different abilitig
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depending on such factors as the

field of study and type of inquiry.

Science is very much a huma
endeavor, and the work of scien
relies on basic human qualities, s\
as reasoning, insight, energy, sk
and creativity—as well as o
scientific habits of mind, such g
intellectual honesty, tolerance
ambiguity, skepticism, and openne
to new ideas.
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H.G.1

Science as a human endeavor

al

Individuals and teams hav
contributed and will continue to
contribute to the scientific
enterprise. Doing science o
engineering can be as simple as
individual conducting field studieg
or as complex as hundreds of peop
working on a major scientific

guestion or technological problen.

Pursuing science as a career or a
hobby can be both fascinating an
intellectually rewarding.

Scientists have ethical traditions.

Scientists value peer review, truthfu
reporting about the methods an|
outcomes of investigations, an
making public the results of work
Violations of such norms do occuf
but scientists responsible for sug
violations are censured by thei
peers.

Scientists are influenced by societa
cultural, and personal beliefs an

ways of viewing the world. Science

is not separate from society bl
rather science is a part of society.
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M.G.2  Nature of science H.G.2 Nature of scientific knowledge

a. Scientists formulate and test their a. Science distinguishes itself from

explanations of nature using
observation, experiments, and
theoretical and mathematical
models. Although all scientific ideds

are tentative and subject to change

and improvement in principle, for
most major ideas in science, there
is much experimental angd
observational confirmation. Thoge
ideas are not likely to change greatly
in the future. Scientists do and haye
changed their ideas about nature
when they encounter neyw

experimental evidence that does not

match their existing explanations

In areas where active research| is

being pursued and in which there|is
not a great deal of experimental pr
observational evidence and
understanding, it is normal fgr
scientists to differ with one anothe¢r
about the interpretation of thie
evidence or theory being considered.
Different scientists might publis
conflicting experimental results qr
might draw different conclusions
from the same data. ldeally,
scientists acknowledge such conflict
and work towards finding evidenge
that will resolve their disagreement.
It is part of scientific inquiry tg
evaluate the results of scientific
investigations, experimentg
observations, theoretical model

-

i

. Scientific explanations must meet

other ways of knowing and from
other bodies of knowledge through
the use of empirical standards
logical arguments, and skepticism
as scientists strive for the bes}
possible explanations about the
natural world.

certain criteria. First and foremost
they must be consistent with
experimental and observationa
evidence about nature, and mug
make accurate predictions, when
appropriate, about systems being
studied. They should also be logical,
respect the rules of evidence, b
open to criticism, report methods
and procedures, and make
knowledge public. Explanations on
how the natural world changes base
on myths, personal beliefs, religious
values, mystical inspiration,
superstition, or authority may be|
personally useful and socially
relevant, but they are not scientific
Because all scientific ideas depend
on experimental and observationdl
confirmation, all scientific

knowledge is, in principle, subject
to change as new evidence becomes
available. The core ideas of science
such as the conservation of energy
or the laws of motion have beer
subjected to a wide variety of
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and the explanations proposed py
other scientists. Evaluation includes
reviewing the experimentgl

procedures, examining the evidenge,
identifying faulty reasoning

pointing out statements

that go beyond the evidencg,
and suggesting alternatiVe
explanations for the

same observations. Although
scientists may disagree abojut
explanations of phenomena, abgut
interpretations of data, or about the
value of rival theories, they do agr¢e
that questioning, response }o
criticism, and open communicatign

are integral to the process of scienge.

As scientific knowledge evolves,
major disagreements are eventuglly
resolved through such interactions
between scientists.

confirmations and are therefor
unlikely to change in the areas i
which they have been tested. |
areas where data or understandi
are incomplete, such as the deta
of human evolution or question
surrounding global warming, new
data may well lead to changes i
current ideas or resolve currer
conflicts. In situations wherg
information is still fragmentary, itis
normal for scientific ideas to b4
incomplete, but this is also where the
opportunity for making advances$
may be greatest.

— =

— D

52



NATIONAL SCIENCE STANDARDS

M.G.3

History of science H.G.3

a. Many individuals have contributegd
to the traditions of science. Studying
some of these individuals providés
further understanding of scientifi
inquiry, science as a humdn
endeavor, the nature of science, gnd
the relationships between science
and society.

b. In historical perspective, science has
been practiced by different
individuals in different cultures. |
looking at the history of man
peoples, one finds that scientists gnd
engineers of high achievement gre
considered to be among the most
valued contributors to their culture.

c. Tracing the history of science can
show how difficult it was for
scientific innovators to break
through the accepted ideas of their
time to reach the conclusions that ye
currently take for granted.

Historical perspectives

a.

In history, diverse cultures have
contributed scientific knowledge
and technologic inventions. Modern
science began to evolve rapidly ir]
Europe several hundred years ag

During the past two centuries, it hag

contributed significantly to the
industrialization of Western and
non-Western cultures. However
other, non-European cultures hav
developed scientific ideas ang
solved human problems through
technology.
Usually, changes in science occur 3
small modifications in extant
knowledge. The daily work of
science and engineering results i
incremental advances in ouf
understanding of the world and ou
ability to meet human needs an(
aspirations. Much can be learne
about the internal workings of
science and the nature of scienc
from study of individual scientists,
their daily work, and their efforts to
advance scientific knowledge in
their area of study.

Occasionally, there are advances in

science and technology that hav
important and long-lasting effects on
science and society. Examples o
such advances include the following
Copernican revolution
Newtonian mechanics
Relativity
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. The historical perspective

Geologic time scale

Plate tectonics

Atomic theory

Nuclear physics

Biological evolution

Germ theory

Industrial revolution

Molecular biology

Information and communication
Quantum theory

Galactic universe

Medical and health technology

of scientific explanations
demonstrates how scientifi¢
knowledge changes by evolvin
over time, almost always building
on earlier knowledge.
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